New extended real-time algorithm to extract in a real-time mode correlated recoil-alpha sequences in heavy-ion-induced nuclear reactions has been presented. It operates together with the detection system of the Dubna Gas-Filled Recoil Separator (DGFRS) and provides a radical suppression of background products. The DGFRS detecting module design is presented too.
INTRODUCTION
The Dubna Gas-Filled Recoil Separator is the most efˇcient facility in use in theˇeld of synthesis of superheavy elements of Flerov Laboratory of Nuclear Reactions of JINR [1] . Their separation characteristics are based on the ion optical properties of the gas-ˇlled magnetic dipole. For the synthesis and study of heavy nuclides, the complete fusion reactions of target nuclei with heavy bombarding projectiles are used. The resulting excited compound nuclei (CN) can de-excite by evaporation of a few neutrons, while retaining the total number of protons. Recoil separators are widely used to transport evaporation residues from the target to the detection system, simultaneously suppressing the background products of other reactions, the incident ion beam, and scattered target nuclei. In this respect, it is very signiˇcant that a transport and collection efˇciency value have to be high enough to perform experiments with cross sections of the product under investigation of about one picobarn or even part of picobarn. Of course, the detection module should not contribute to the signiˇ-cant decreasing of the mentioned parameter. The detection system of the Dubna Gas-Filled Recoil Separator (DGFRS) consists of silicon 12 strip position sensitive detector to measure recoils energy and their forthcoming alpha (spontaneousˇssion) decays, and low pressure pentaneˇlled time-of-ight module to detect charged particles incoming from cyclotron. The Fig. 1 . Silicon ®veto¯detector, consisting of three separate silicon chips, is placed behind the focal plane one to detect charged long path particles passing through the main position sensitive detector and creating no any signal in the gaseous TOF module [2] .
REAL-TIME DETECTION MODE FOR RADICAL SUPPRESSION OF THE BACKGROUNDS IN EXPERIMENTS AIMED TO THE SYNTHESIS OF SUPERHEAVY ELEMENTS (SHE)
Usually, to reach high total SHE experiment efˇciency, one uses extremely high (10 12 n to 10 13 pps, n > 1) heavy-ion beam intensities. It means, that not only irradiated target, sometimes (frequently) made on highly radioactive actinide material, should not be destroyed during long-term experiment, but the in-ight recoil separator and its detection system should provide backgrounds suppression in order to extract oneÄtwo events from the whole data ow. Typically, the DGFRS provides suppression of the beam-like and target-like backgrounds by the factors of 1 ∼ 10 15 −10 17 and 10 4 −5 · 10 4 , respectively [3] . Nevertheless, under real circumstances, total counting rate above approximately 1 MeV threshold is about tens to oneÄ three hundreds 2 events per second. Therefore, during, for example, one month of irradiation about 30 · 10 5 · 100 = 3e + 08 multiparameter events are written to the hard disk during a typical SHE experiment at the DGFRS.
To avoid a scenario that result of the SHE experiment (oneÄtwoÄthree decay chains per month) can be represented as a set of random signals real-time search technique to suppress the probability for detected event to be a random has been designed and successfully applied.
Note, that in the reactions with 48 Ca as a projectile, the efˇciency of SHE recoiling products detection both by silicon and TOF detector is close to 1. Namely, recoil-ˇrst (second) correlated alpha-decay signal was used as a triggering signal to switch off the cyclotron beam for a deˇnite (seconds-minutes) and, therefore, detection of forthcoming alpha decays were in fact ®background-free¯. The basic idea to apply such a detection mode is to transform the main data ow to the discrete form [4] . To demonstrate successful application of this technique the spectrum of 287 114 nuclei total α-particle-like energy spectra of events that stopped the beam during 242 Pu + 48 Ca experiment is shown in Fig. 2 [5] . The solid histogram shows the energies of events that switched off the beam that were followed by a beam-off SF event or beam-off α-particles with E α = 8.9−10 MeV and a beam-on SF event, with a total elapsed time interval up to 14 min.
Note, that background suppression factor estimates as ∼ C m n /K for the parameter of probability of the whole event to be a random [6, 7] . Here n Å the whole number of alpha decays, m Å number of alpha decay, which stops the beam and K Å suppression factor for single event (∼ 10 2 −10 3 ). It means, for instance, that in the case of four-alpha-decay chains event, additional suppression factor is about ∼ 10 9 ifˇrst alpha-particle signal provides beam switching [7] . Schematic of the whole process creating a background-free detection of decays is shown in Fig. 3 . It takes about 175 μs to provide full beam switching after detection of a correlation recoil-alpha sequence including additional time delay (∼ 60 μs) related to cyclotron operation. Fig. 3 . Flow chart of the whole real-time process which is applied for radical suppression of background products in SHE element synthesis experiments [7] 
EXTENSION OF REAL-TIME ALGORITHM FOR THE CASE OF NONDEFINITE RECOIL DETECTION EFFICIENCY
Unfortunately, in contrast to relatively high projectile, like 40 Ar and 48 Ca, when using projectiles from oxygen to magnesium, real threshold of the detection system sometimes does not allow recoil detection with efˇciency close to 1 (see Fig. 4 ). Fig. 4 . The dependence of registered heavy-recoil energies against calculated incoming ones for the DGFRS detecting module. The line corresponds to calculations [8] for 288 114 recoil. Two events of Z = 112 element synthesized at GSI [9] are shown by stars. Note, that efˇciency of Rf recoil detection by silicon detector was not close to ∼ 1
It seems more realistic in this case to use both recoil and alpha signals as theˇrst chain of multichain events to provide beam switching. Of course, one assumes, that the abovementioned value of the recoil detector efˇciency is compatible with alpha-particle one. In the second place, this value, in contrast to theˇrst one, corresponding to reactions with 48 Ca projectile, may be varied with varying of threshold level during an experiment. The schematic of such an algorithm is represented in Fig. 5 .
As reported in [7] loop t + 1 denotes that in the case of ®no success¯, that is, if no beam stop is generated after recoil-alpha sequence detection, the elapsed time of coming (and detected) alpha particles is written into the appropriate cell of theˇrst (®recoil¯) matrix. Hence, the second alpha-particle in the multichain decay event will provide beam switching if time interval between two alpha decays is less than pre-setting resolved time forˇrst recoilalpha correlation. In the case if one wants to use separate pre-settings, it is necessary to Fig. 5 . The schematic of the extended algorithm of real-time search of correlated sequences. In the case if no beam stop is generated byˇrst recoil-alpha sequence the elapsed time of this alpha-particle event is written to the appropriate matrix cell of the ®recoil¯matrix. In principle, the same operation can also be provided with the second alpha-decay event use matrix cell in the form of two-dimensional 1 structure, not only to write the elapsed time of the event, but also to use particle identiˇer. Below, in the form of an example value of probability of pause generation is estimated for the case of P r ≈ 0.5 recoil detection efˇciency (approximately, it corresponds to 20,22 Ne as a projectile, and U, Pu targets at about ∼ 1 MeV threshold value): P tot = P r P α + (1 − P r P α ) P α = 0.5 · 0.7 + (1 − 0.5 · 0.7)0.7 = 0.805. In this equation it is assumed, that composite signals, that is the sum of energies both in focal plane and backward detectors and having non-zero position signal in the focal plane one, are taken into account.
CONCLUSION
More universal real-time algorithm has been suggested for the detection system of the Dubna Gas-Filled Recoil Separator. In contrast to the one successfully applied for the nuclear reactions of SHE synthesis at the DGFRS in the lastˇve years, it gives a deˇnite advantage for the reactions with much higher projectile to target mass ratio. It is planned to use the mentioned approach in the nearest future for full fusion reactions with oxygen to magnesium heavy ions at U-400 FLNR, JINR cyclotron. On the other hand, any way to minimize a recoil energy loss when it moves from the target to the point of implantation into the silicon focal plane detector should be under consideration as well together with a reasonable upgrade of the whole DGFRS detection system aimed to reduce the counting rate of signals per one real position cell of PIPS focal plane detector.
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